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Spectroscopic constraints for low-mass
asteroseismic targets
Thierry Morel
Abstract A full exploitation of the observations provided by the CoRoT and Kepler
missions depends on our ability to complement these data with accurate effective
temperatures and chemical abundances. We review in this contribution the major
efforts that have been undertaken to characterise late-type, seismic targets based
on spectra gathered as part of the ground-based, follow-up campaigns. A specific
feature of the spectroscopic studies of these stars is that the gravity can be advanta-
geously fixed to the more accurate value derived from the pulsation spectrum. We
describe the impact that such an approach has on the estimation of Teff and [Fe/H].
The relevance of red-giant seismic targets for studies of internal mixing processes
and stellar populations in our Galaxy is also briefly discussed.
1 Introduction
The great potential of asteroseismology to address some unresolved issues in stellar
physics and even, as was discussed during this meeting, to study the stellar popu-
lations making up our Galaxy cannot be overstated. Yet these expectations cannot
be completely met if some fundamental quantities that are not encoded in seismic
data are not accurately known (e.g., Creevey et al., 2012). For this reason, by pro-
viding the effective temperature and chemical composition (but also other important
information such as the vsin i or the binary status), a traditional field such as stellar
spectroscopy will still play an important role in the future for the study of seismic
targets. Conversely, asteroseismology can provide the fundamental quantities (e.g.,
mass, age, evolutionary status in the case of red giants) that are needed to best inter-
pret the abundance data. These two fields are therefore closely connected and can
greatly benefit from each other.
Thierry Morel
Institut d’Astrophysique et de Ge´ophysique, Universite´ de Lie`ge, Alle´e du 6 Aouˆt, Baˆt. B5c, 4000
Lie`ge, Belgium, e-mail: morel@astro.ulg.ac.be
1
ar
X
iv
:1
40
3.
51
03
v1
  [
as
tro
-p
h.S
R]
  2
0 M
ar 
20
14
2 Thierry Morel
The large discrepancies between the logg and [Fe/H] values derived from spec-
troscopy and those in the Kepler Input Catalog (Bruntt et al., 2012; Thygesen et al.,
2012) illustrate the clear superiority of spectroscopic techniques over photometric
ones for the estimation of these two parameters. Determining accurate temperatures
from photometric indices is also challenging in the presence of a significant (and
patchy) reddening (e.g., for some CoRoT fields that lie close to the Galactic plane).
2 The samples discussed
Numerous spectroscopic analyses of individual seismic targets have been conducted
during the last few years (e.g., Mathur et al., 2013; Morel et al., 2013). However, we
will restrict ourselves here to discussing the results of studies dealing with a sizeable
number of stars observed by either the CoRoT or the Kepler space missions.
The CoRoT satellite operated either through the seismology (observations of a
limited number of bright stars in the context of seismic studies) or the exoplanet (ob-
servations of numerous faint stars to detect planetary transits) channel. The parame-
ters of a large number of stars in various evolutionary stages in the CoRoT exofields
have been determined using an automated pipeline by Gazzano et al. (2010), while
a more comprehensive analysis of 19 red giants in the seismology fields has been
presented by Morel et al. (2014).1 In the latter case, a standard analysis is employed
that imposes excitation and ionisation equilibrium of iron based on the equivalent
widths of a set of Fe I and Fe II lines.
On the other hand, a study of dwarfs and giants in the Kepler field has been
performed by Bruntt et al. (2012) and Thygesen et al. (2012), respectively (the latter
study superseding that of Bruntt et al. 2011). In both cases, the analysis relied on
the spectral-synthesis software package VWA (see, e.g., Bruntt et al., 2002).
Table 1 gives for all the studies mentioned above the uncertainties associated to
the determination of the parameters. Based on the (sometimes rather scanty) infor-
mation provided in these papers, it may be concluded that these figures are claimed
to be representative of the accuracy of the results. Although these measurements
also suffer from limitations (e.g., calibration issues, angular diameter corrections,
reddening), the satisfactory agreement with the less model-dependent estimates pro-
vided by interferometry for stars at near-solar metallicities (e.g., Bruntt et al., 2010;
Huber et al., 2012; Morel et al., 2014) suggests that the values quoted in Table 1
for Teff are reasonable in this metallicity regime (however, this may not be true for
metal-poor stars where non-LTE and 3D effects become important; Lind et al. 2012;
Dobrovolskas et al. 2013). Much more extensive and stringent tests can be expected
in the future thanks to the advent of new long-baseline interferometric facilities. A
comparison for a subset of Kepler targets between the parameters obtained by Bruntt
et al. (2012) and Thygesen et al. (2012), and those derived by two other methods
1 Note that the sample of Morel et al. (2014) discussed in the following contains a few stars which
were eventually not observed by the satellite, as well as a number of benchmark stars used for
validation purposes.
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has recently been presented by Molenda-Z˙akowicz et al. (2013). For the reader in-
terested in the differences arising from the use of different spectroscopic methods,
see, e.g., Gillon & Magain (2006) and Creevey et al. (2012). The impact of the ne-
glect of non-LTE effects on the parameters inferred from excitation and ionisation
balance of iron is discussed by, e.g., Lind et al. (2012) and Bensby et al. (2014).
Table 1 Typical 1-σ uncertainty of the parameter determination for the seismic targets. When
available, the second row gives for a given study the uncertainties in case the gravity is fixed to
the seismic value (see Sect. 3). References: [1] Gazzano et al. (2010); [2] Morel et al. (2014); [3]
Bruntt et al. (2012); [4] Thygesen et al. (2012).
Type of stars Magnitude range Type of data σTeff σ logg σ [Fe/H] Reference
Stars in CoRoT exofields 12 < r′ < 16 medium resolutiona 140 0.27 0.19 1
Giants in CoRoT seismofields 6 < V < 9 high resolution 85 0.20 0.10 2
60 0.07 0.08 2
Dwarfs in Kepler field 7 < VT < 10.5 high resolution 70 0.08 ... 3
60 0.03 0.06 3
Giants in Kepler field 7 < V < 12 high resolution 80 0.20 0.15 4
a Also small wavelength coverage (∼200 A˚).
3 Adopting the seismic gravity in spectroscopic analyses
As has been exhaustively discussed in the recent literature, logg can be estimated in
various ways from seismic observables: either from a detailed modelling of the os-
cillation spectrum or from scaling relations/grid-based methods that make use of ∆ν
(the average large frequency separation) and νmax (the frequency corresponding to
maximum oscillation power). A number of empirical tests (e.g., Chaplin & Miglio,
2013, and references therein) indicate that such estimates are likely more accurate
than those derived from spectroscopic methods (typically 0.05 vs 0.15-0.20 dex).
There is therefore an advantage in fixing the gravity to the seismic value in spectro-
scopic analyses, as is indeed now routinely done (e.g., Huber et al., 2013).2 We will
first discuss in the following the quantitative impact of adopting the seismic gravity
on the determination of Teff and [Fe/H], and then turn our attention to the issue of
the best metallicity to adopt when such a hybrid approach is employed.
3.1 Impact on the determination of the other parameters
For the Kepler targets, there is a good level of agreement in a statistical sense be-
tween the spectroscopic and seismic gravities, with no evidence for global system-
2 The possibility of using an independent and more accurate gravity estimate is also shared by stars
with planetary transits (e.g., Torres et al., 2012).
Page:3 job:morel_sesto macro:svmult.cls date/time:26-Oct-2018/3:23
4 Thierry Morel
atic offsets: 〈logg (spectroscopy) – logg (seismology)〉 = +0.08±0.07 for dwarfs
(Bruntt et al., 2012) and –0.05±0.30 dex for giants (Thygesen et al., 2012), respec-
tively. However, large differences can be found on a star-to-star basis (up to 0.7 dex).
As shown by Morel et al. (2011), even larger discrepancies are evident for the red
giants studied by Gazzano et al. (2010) (see also discussion by Valentini et al. 2013
who independently re-analysed these data and found a more satisfactory agreement,
especially for spectra with a low signal-to-noise ratio). On the other hand, the values
are identical within the errors for all the giants analysed by Morel et al. (2014).
The effect of fixing the gravity to the seismic value on the Teff and [Fe/H] de-
terminations is illustrated in Fig. 1. A change in logg of 0.1 dex typically leads for
giants in the CoRoT seismology fields to variations in Teff of 15 K and in [Fe/H] of
0.04 dex. The good agreement between the two sets of logg values only implies rel-
atively small adjustments for Teff and the abundances (generally below 50 K and 0.1
dex). A similar sensitivity of [Fe/H] against changes in logg is obtained for Kepler
giants. However, variations in the adopted logg are in this case not accompanied in
a coherent way by Teff changes. It is in particular not completely clear how logg
changes amounting to up to 0.6 dex can lead to exactly identical Teff values. There
is also a lack of correlation between the logg and Teff changes for Kepler dwarfs.
On the other hand, Huber et al. (2013) found for exoplanet host candidates (mostly
solar-like) that a change in logg of 0.1 dex typically leads to variations of 50 K
and 0.03 dex for Teff and [Fe/H], respectively. It is important to note that the figures
quoted above for dwarfs and giants cannot be generalised and depend on the exact
procedures that are implemented to derive the parameters (see Torres et al., 2012).
3.2 The ambiguity surrounding the best metallicity value
The surface gravity is usually determined from spectroscopic data by requiring that
ionisation balance of iron is fulfilled. In many cases, this condition will no longer
be satisfied once the seismic gravity is adopted (Bruntt et al., 2012; Thygesen et al.,
2012). As a result, the mean abundances derived from the Fe I and Fe II lines will
differ, and there will therefore be an ambiguity as to which iron abundance should
be preferred. As an illustration, using the seismic constraints, Bruntt et al. (2012)
obtained [Fe I/H] = –0.02 and [Fe II/H] = +0.32 for KIC 3424541. The metallicity
is an essential ingredient of any seismic modelling, and adopting one value or the
other will clearly lead to substantially different estimates for the fundamental stellar
parameters, such as the age, for instance.
The Fe II lines are known in solar-like dwarfs to be less affected than the Fe I
lines by both non-LTE and granulation effects (e.g., Asplund et al., 2000). The mean
Fe II-based abundance hence appears to be a better proxy of the stellar metallicity
when using a 1D LTE analysis. However, the choice is not as straightforward for
red giants. Although the departures from LTE are also much less severe for the Fe II
lines, these features are affected by a number of caveats: (1) they are only usually a
few, difficult to measure, and potentially more affected by blends; (2) they are very
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Fig. 1 Effect on the Teff and [Fe/H] determinations of using either the seismic or the spectroscopic
gravity. The (un)constrained results are for the logg (not) fixed to the seismic value. Red circles:
Kepler dwarfs (Bruntt et al., 2012), blue squares: Kepler giants (Thygesen et al., 2012), green
triangles: red giants in CoRoT seismofields (Morel et al., 2014). Note that the metallicities obtained
using the spectroscopic gravities are not available for the Kepler dwarfs (Bruntt et al., 2012). The
extreme outlier KIC 4070746 is not included in this figure (see discussion in Thygesen et al., 2012).
sensitive to errors in the effective temperature (varying Teff by 50 K while keeping
the gravity fixed typically changes the Fe I abundances by only 0.01-0.02 dex, but
the Fe II ones by 0.06 dex); (3) they may suffer more than the Fe I lines at near-solar
metallicity from the neglect of granulation effects (Collet et al. 2007; Kucˇinskas et
al. 2013; see also fig.15 of Dobrovolskas et al. 2013). In view of the uncertainties
plaguing both the Fe I and Fe II abundances, it is unclear whether the Fe II-based
abundances should be deemed as (systematically) more reliable for evolved objects.
4 A step beyond the determination of the basic parameters: the
detailed chemical composition
The detailed abundance pattern can be obtained for stars observed with high-
resolution spectrographs. Figure 2 shows some abundance ratios with respect to iron
as a function of [Fe/H] for the samples of Bruntt et al. (2012), Thygesen et al. (2012),
and Morel et al. (2014). Because of the chemical evolution of the Galaxy, it is well
established that - depending on their nucleosynthesis - each element displays a dis-
tinct behaviour as a function of the iron content. For instance, the abundance ratio
of the α elements (e.g., Ca) increases when [Fe/H] decreases, whereas the iron-peak
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elements (e.g., Ni) closely follow Fe. An enhancement with respect to solar of some
important species such as oxygen should be taken into account when modelling low-
metallicity asteroseismic targets. Some elements behave qualitatively as expected in
Fig. 2 (e.g., Si and Ni), but the expected trends at low metallicities are not seen in
some cases (e.g., Ti and Cr) and the patterns generally much noisier than those re-
ported in the literature for disc stars in the solar neighbourhood (e.g., Bensby et al.,
2014). This can be at least partly attributed to the limitations of (semi)automated
pipelines applied to data of lower quality. The fainter Kepler targets have often only
been observed with 1m- or 2m-class telescopes (Bruntt et al., 2012; Thygesen et al.,
2012; Molenda-Z˙akowicz et al., 2013).
The data shown in Fig. 2 are heterogeneous and any study-to-study difference
in the global patterns may be misinterpreted as being of physical origin whereas
it merely reflects systematic effects. However, the carbon depletion and nitrogen
excess of the CoRoT giants compared to Kepler dwarfs may be expected because of
mixing (see, e.g., Luck & Heiter, 2007, in the case of C). More robust conclusions
could have been drawn for carbon by comparing the data for Kepler dwarfs and
giants (thanks to the similarity of the analyses carried out by Bruntt et al. 2012 and
Thygesen et al. 2012), but the results for giants are affected by large uncertainties.
The extent of mixing experienced by red giants results from the combined ac-
tion of different physical processes (convective and rotational mixing, as well as
arguably thermohaline instabilities) whose relative efficiency is a complex function
of their evolutionary status, mass, metallicity, and rotational history (e.g., Charbon-
nel & Lagarde, 2010). Fortunately, several key indicators with a different sensitivity
to each of these processes can be measured in the optical wavelength domain (Li,
CNO, Na, and 12C/13C) and used to constrain theoretical models. As can be seen
in Fig. 3, the occurrence of internal mixing phenomena is betrayed in CoRoT red
giants by the existence of well-defined trends between the surface abundances of
some species (for a discussion of these results, see Morel et al., 2014). It is im-
portant to note that such abundance studies of asteroseismic targets may lead to
a leap forward in our understanding of transport phenomena in evolved, low- and
intermediate-mass stars because of the availability of an accurate mass estimate and,
in some cases, a knowledge of the evolutionary status.
5 Some perspectives
A detailed spectroscopic analysis has so far been carried out for only a tiny fraction
of all the stars observed by CoRoT and Kepler. Much more is expected (or may be
achievable) in the near future. We briefly mention below two of the most promising
avenues of research.
Seismic targets are currently used as benchmark stars in various ongoing or soon-
to-be-started large-scale surveys, such as APOGEE (Me´sza´ros et al., 2013), Gaia-
ESO (Gilmore et al., 2012), or GALAH (Freeman, 2012). The combination of these
spectroscopic data with the asteroseismic ones for the radii, masses, ages, and dis-
Page:6 job:morel_sesto macro:svmult.cls date/time:26-Oct-2018/3:23
Spectroscopic constraints for low-mass asteroseismic targets 7
Fig. 2 Abundance ratios with respect to iron as a function of [Fe/H] for stars in the Kepler and
CoRoT fields. The results have been obtained using a 1D LTE analysis and (except for the CoRoT
stars) the seismic gravities. Same symbols as in Fig. 1. For the Kepler stars, [Fe/H] is based on
the Fe II lines and the abundances of the other elements on the neutral species. Following Bruntt
et al. (2012), we only consider mean abundances for Kepler dwarfs with vsin i below 25 km s−1
and computed based on at least five lines of each element (except for nitrogen and oxygen: 2 and
3 lines, respectively).
tances will be of great relevance for investigating the properties of the stellar popu-
lations constituting our Galaxy (see, e.g., Chiappini, 2012; Miglio et al., 2013). The
Gaia satellite will dramatically contribute to this harvest by providing kinematic
information of unprecedented quality.
The various evolutionary sequences of red-giant stars can be distinguished from
asteroseismic diagnostics (e.g., Stello et al., 2013; Montalba´n et al., 2013). This
opens up the possibility of mapping out the evolution of the mixing indicators during
the shell-hydrogen and core-helium burning phases for a very large number of stars
with accurate masses (see the tentative results for carbon of Luck & Heiter, 2007).
Knowing the fundamental parameters (e.g., mass, age) of dwarfs and having the
possibility of probing their internal structure also make them particularly suitable for
investigating the destruction of lithium during the early stages of stellar evolution.
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Fig. 3 Top and bottom pan-
els: [C/Fe] and [Na/Fe] as a
function of [N/Fe] for the red
giants in the CoRoT seismol-
ogy fields. The C and Na data
have been corrected for the
effects of the chemical evolu-
tion of the Galaxy (for details,
see Morel et al., 2014). The
results have been obtained
using the spectroscopic gravi-
ties.
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